Introduction
According to the UN FAO (Food and Agriculture Organization of the United Nations), the world production of grapes is more than 76 million tons per year. The production of grapes in Ukraine in recent years has been growing, and in 2016 exceeded 390 thousand tons [1] .
As a result of grape processing, up to 20 % of waste grape pomace (GP) is produced, which has a rich polysaccharide complex and contains a considerable amount of phenolic substances and lignin. The pomace consists of 37...39 % (of the total mass) of the grape's skin; 15...34 % − pulp particles, 1.0…3.3 % − stem rests, 23...39 % − seeds. The moisture content of the pomace depends on the quality of pressing and varies from 50 to 60 %.
Up to 60 % of the mass of dry GP are polysaccharides [2] , which are a valuable raw material for the production of biologically active substances (BAS) with high antioxidant properties, including polyphenols, gallic and tartaric acids and their salts, etc. [3] .
The technological reserve of grape polyphenols in Ukraine exceeds 500 tons of total polyphenols per year. In this way, the polyphenols of grapes in their native form are mainly flavonoids -poorly water-soluble substances. At the same time, their distribution in GP corresponds to: 12…20 % in the grape skin, 1 % in the pulp, 60 % in the seeds, 19…24 % in the grape stems [4] .
Progress in studying the methods of extraction and analysis of the biological activity of grape polyphenols is associated with their widespread use in the food, pharmaceutical and cosmetic industries [5] . When extracting BAS from vegetable raw materials, traditional extraction methods (maceration, remaceration, percolation, repercolation) are used widely [6] . For the purpose of their intensification, various methods of electro-and magnetic-pulse treatment of extractable raw, the use of centrifugation and ultrasonic treatment have been developed [7, 8] . In these technologies, the target product isn't extracted completely, the processes are time-consuming, the contents of ballast substances (high-molecular compounds, pectins, mucus, proteins, etc.) are too high and the process is labor-intensive. In most methods, there are significant losses of the extractant in the diffusion and evaporation. The methods used to intensify these processes partially eliminate the above-mentioned drawbacks, and some of them substantially reduce the quality of the extracts obtained.
Application of modifiers in liquid extraction (cosolvents) can change the qualitative (and, possibly, quantitative) composition of the extracts obtained due to the polarity of the extractant.
Since the 90s of the last century, active development of methods for sub-and supercritical fluid extraction has begun [9, 10] .
Solvents with a low boiling point are used as extractants -liquefied gases: carbon dioxide, hexane, propane, ammonia, methane, ethylene and some other compounds with low critical temperatures. At the first stages of development of subcritical extraction technologies, CO 2 extraction was the most widespread. However, it must be borne in mind that carbon dioxide is one of the main greenhouse gases, like methane, ozone, nitrogen oxides and so on. In addition, some fluid substances, such as methane, are toxic. The principles are developed, which "green" (environmentally friendly) extraction methods, including, subcritical water (SCW) extraction, must conform to [11] .
SCW is water in a liquid state at a pressure of up to 21.8 MPa in the temperature range between the usual boiling point (100 °C) and the critical temperature (374 °C).
The most effective method of extracting plant raw materials in the food and pharmaceutical industries is currently the SCW extraction [12] [13] [14] . The terms used for the description of SCW: "subcritical water", "high-temperature water", "superheated water", "pressurized hot water", "pressurized low polarity hot water".
Advantages of using SCW as a solvent: -combination of properties of gases at high pressure (low viscosity, high diffusion coefficient) and liquids (high ability); -combination of negligible interfacial tension with low viscosity and high diffusion coefficient; -high sensitivity of the solvent ability to pressure or temperature changes;
-simplicity of separation of SCW and dissolved substances when the pressure is released; -SCW penetrates into porous structures more easily in comparison with traditionally used liquid solvents.
These advantages are the result of changes in the physicochemical properties of water in the subcritical state:
-the dissociation constant increases by almost 2 orders of magnitude;
-the pH decreases from 7.0 to 5.5; -the relative permittivity decreases 1.5-2.0 times; -the heat of vaporization is reduced by a factor of 1.5; -the specific heat increases 2.0-2.5 times; -the density of water decreases 1.3-1.5 times; -the dynamic viscosity decreases by a factor of 6-7; -the surface tension decreases 2-3 times; -the coefficient of self-diffusion increases by an order of magnitude;
-the ion product of water increases depending on the pressure 50-2,000 times [12] .
These circumstances, as well as the low cost of SCW, make it possible to classify the SCW extraction process as the most effective and promising one, from the existing at the present time.
In the process of SCW extraction, quite complex physical and biochemical transformations take place. Autocatalyzed hydrolysis of polysaccharides occurs in the conditions of GP extraction. Catalysts are acids present in the raw material: tartaric, formic, acetic, etc. These acids are formed as a result of chemical transformations under high temperature during the extraction itself. These acids can have a significant effect on the processes. Various acids are intermediate or final products of reactions that occur during subcritical extraction. Consequently, the acidity is an important indicator that characterizes the extraction process from the point of view of the formation of simple sugars from polysaccharides.
Currently, the SCW extraction of BAS from various plant and algae species in the food, cosmetic and pharmaceutical industries is considered as the most innovative technology [13, 14] .
The main obstacles to the full use of GP are high humidity and the need for speedy processing to eliminate the development of molds and prevent spoilage. GP begins to deteriorate after 2-3 days, and at high humidity (85-90 %) and elevated temperatures (25-40 ºС) , the storage period is 8-12 hours. Consequently, the dry matter of GP is the raw material for BAS extraction. The influence of drying regimes on the preservation of BAS should be taken into account [15] .
The relevance of the studies is determined by a number of circumstances. A significant part of grape processing and winemaking enterprises in Ukraine now require technological and technical modernization and the proposed technologies should be innovative and highly efficient. The chemical composition of the processed raw materials depends significantly on the soil-climatic conditions and varietal characteristics of grapes, as evidenced by the numerous data on the biochemical composition of GP given in the literature [3] . These circumstances lead to the need to study the processes of GP extraction from those varieties of grapes that are common in the regions of the location of processing enterprises, subject to modernization.
Literature review and problem statement
Grapes are rich in BAS, but their content in different parts of the fruit (pulp, skin, stems, seeds) is different [3, 5] .
Nowadays, the effectiveness of using SCW for the extraction of various BAS from vegetable raw materials, including from grapes and GP, is beyond doubt. SCW provides more complete extraction, there is a selectivity of the process in relation to different target products and the ecological purity of the extract obtained [5, 12, 13, 16] .
Comparison of the stability of anthocyanins extracted from the grape skin by the subcritical extraction together with ultrasound with the results obtained by microwave extraction showed that the effect of temperature and the resistance of anthocyanins are different [17] .
Using the parameters of the extraction process 2 MPa, 121 °C with a process duration of 2 hours ensure a high yield of phenols and monosaccharides from the grape skin of Cabernet Sauvignon, Merlot, and Shiraz.
A number of works are aimed at comparative studies of BAS extraction from GP using both SCW and SCW in combination with ethanol at their different percentages [19] . When using a water-methanol mixture (60:40) as an extractant, for the extraction of eleven anthocyanins of the grapes, the following process parameters are optimal: 100 °C for 5 min.
To accelerate the extraction process and increase the yield of anthocyanins from GP of red grape Sunbelt, it is recommended to use a solvent of a mixture of SCW and 70 % ethanol. The total number of anthocyanins extracted at 100 °C was 450 mg/100 g dry pomace [21] .
When extracted from the Pinot Nero grape skin and seeds by the SCW in the semi-continuous mode (10 MPa, 80-120 °C, 2-5 ml/min for 2 hours), the yield of total polyphenols increases with increasing temperature and decreasing solvent consumption.
Thus, with an increase in temperature from 80 to 120 ºC, the yield of total polyphenols from the skin increased from 44.3±0.4 to 77±3 mg/g and seeds -from 44±2 to 124±1 mg/g [22] .
Dynamic extraction (flow rate 1.2 ml/min, 120 °C, pressure 80 bar and extraction time 30 min) of BAS (anthocyanins and phenolic compounds) from red grape skin was carried out with a mixture of SCW and ethanol at a ratio of 1:1. Compared with traditional dynamic liquid extraction, the yield is 3 times higher for anthocyanins; 7 times for the total amount of phenolic compounds and 11 times for flavonols. In addition, the best results were obtained by using grape skin dried for 24 hours at 40 °C. It is noted that ethanol accelerates sharply the extraction of anthocyanins and phenols, probably because it denatures cell membranes and facilitates the solubilization of these compounds [23] .
The results of tannin extraction from grape seeds showed that the continuous mode is more effective in comparison with static conditions [24] .
The studies showing that the use of SCW allows increasing the yield of the total amount of polyphenols 2 times compared to extraction with 70 % ethanol should be noted [25] . The studies of SCW extraction of GP have confirmed the high efficiency of this process. Thus, the extraction at 140 °C and a pressure of 11.6 MPa provided a high yield of polyphenols, flavonoids and antioxidant activity of the extract [26] .
It should be emphasized that in most of the studies reviewed, the possibility of selective extraction of individual BAS from GP and obtaining rational process parameters for each of the studied BAS constituents was not investigated. The effect of flavonoids is mainly due to the antioxidant activity of these compounds. At the same time, the antioxidant activity is considered as a function not of individual groups of flavonoids, but of all polyphenols, including tannins (the tannin-catechin complex). Therefore, if flavonoids are considered as an antioxidant additive, then it is advisable not to separate them from tannins, but to use them together with the latter.
When extracted with organic solvents, the proportion of phenolic substances in the resulting extract is substantially higher and they are represented mainly by non-toxic substances. In the SCW extraction of polyphenols, its small selectivity with respect to these compounds is manifested. This inhibits isolation, separation and purification of polyphenolic substances from SCW extracts. The observed significant increase in their yield due to tannins testifies to the expediency of isolating and using not individual fractions of polyphenols, but the entire tannin-catechin complex. The results of studies of the extraction of total polyphenols from grapes and GP of red and white grape varieties using microwaves and SCW (100-120 °C, 5-30 min), and the use of a mixture of water with (0-2.5 %) sodium carbonate are of interest. The rational parameters for extraction from grapes are 100 °C with an extraction time of 8 min without the addition of sodium carbonate. When extracting polyphenols from GP, it is recommended to use 2.5 % sodium carbonate. The yield of total polyphenols increases with additional use of microwaves in the extraction process [27] .
The content of BAS, the chemical profiles of phenolic compounds and anthocyanins, as well as the antioxidant properties of the extracts differ depending on the place of cultivation, time of harvesting, growth environment, and also on the method of extraction [3] .
Most methods of SCW extraction of polyphenols are developed for GP from red grape varieties, because the total amount of polyphenols in red grape varieties is higher compared to white varieties. Except for the absence of anthocyanins in GP from white grape varieties, there are no significant differences in the content of BAS [28] .
The extracted polyphenols have a fairly wide range of biological and physico-chemical properties, but to date, there is no single extraction procedure that could be considered optimal for all the samples studied [29] . Comparison of the extracts obtained from the GP of Albariño grape variety, collected from 12 wineries located in Galicia (Spain), confirmed the high efficiency of SCW extraction.
Differences in the content of BAS in the extracts were noted: the content of gallic acid ranged from 0.06±0.00 to 0.17±0.03 mg/g dry substances, catechin -from 1.73±0.28 to 4.13±0.39 mg/g, total polyphenols expressed in mg of gallic acid/g dry extract -from 29.1±3.4 to 42.5±1.8, total flavonols expressed in mg catechins/g dry extract -from 10.4±1.7 to 20.4±0.7, total flavonoids in mg catechins/g dry extract -from 19.8±0.0 to 43.5±4.5 [30] .
To extract the maximum amount of phenolic compounds, anthocyanins and achieve a high antioxidant activity of the extracts when processing GP from red grape varieties Cab-ernet Sauvignon, Merlot, Petit Verdot, Syrah, Tempranillo and Tintilla, a water-ethanol mixture (1:1) is suggested. The parameters of the extraction process were 120 °C, 90 bar, a flow rate of 5 g/min and extraction time of 90 min.
Products containing total polyphenols of grapes are characterized by a synergy of the antioxidant activity. In this connection, it is obvious that when creating biologically active products from grapes, it is preferable to obtain total polyphenols dissolved in the liquid phase.
In organic substances, the main role is played by three types of interactions: 1) dispersive, emerging due to the interatomic forces of attraction;
2) intermolecular dipole-dipole interaction; 3) intermolecular hydrogen interaction. The Hansen parameter represents the solubility parameter in the form of three components, taking into account the energy from dispersion forces among molecules, the energy from dipole forces among molecules and the energy of hydrogen bonds among molecules.
This parameter should be used to describe and predict the properties of the solvent, predict the solubility of the analyte and determine the optimum conditions for subcritical extraction [32] [33] [34] .
For today, there are several models that have been successfully used when describing the process of SCW extraction of BAS [35] [36] [37] . The most promising model is the one constructed using renormalization-group methods. This model allows taking into account the heat and mass transfer properties and the content of BAS in each of the components of a multicomponent polydisperse extractant -skin, seeds, stems, pulp [38] .
In different grades of grapes, the content of BAS and their quantity are different. Based on this, the research on the extraction of BAS from grape and GP is focused on the determination of rational process parameters exclusively for the raw material being studied. Thus, it should be noted that the process of SCW extraction from the GP of the table grape Moldova, which is widespread in Ukraine, the Republic of Moldova, in a number of European countries, has not been investigated at present.
The aim and objectives of the study
The aim of the research was to study the process features of the SCW extraction of GP and the yield of various target products -BAS.
To achieve the aim, the following objectives have been accomplished:
-to study the influence of SCW extraction process parameters (liquid-solid ratio, temperature, pressure) and the size of the fraction of dry GP on the yield of various target products -BAS; -to determine the rational parameters of the SCW extraction process and the influence on the yield of various target products -BAS.
Used raw materials, equipment and methods of studying the extraction process and the resulting target products
The raw materials. The table grape variety Moldova (producer -Republic of Moldova) was used for obtaining the GP. The average weight of the bunch is up to 350 grams. The berries are large (2.5×1.9 cm), oval, dark purple with a thick wax bloom. The skin is thick, dense, strong. The pulp is fleshy, crispy.
The berries along with the stems were crushed on a juicer and pressed to the humidity of the industrial pomace -55 %. To analyze the initial characteristics, the GP was analyzed with the determination of the most significant groups of compounds according to conventional methods [39] .
The target products in this study were: dry substances, the total content of polyphenolic compounds (tannin-catechin complex), reducing substances, tartaric compounds, gallic acid, furfural, as well as the antioxidant activity of the extracts obtained.
Method of obtaining dry grape pomace. Drying of the original pomace at 75±2 ºC to a constant weight was carried out in porcelain bowls placed in a drying cabinet ТРЦ02 ТП-1. The residual moisture of the pomace after drying was 4-7 (% abs.). The resulting agglomerates were crushed to a fraction passing through a 3 mm sieve. Samples in the form of powder were stored in a package that provides protection from the moisture of the environment at room temperature in a dark place.
Experimental equipment and area of experimentation. SCW extraction of GP was carried out in a high-pressure reactor with technical and operational characteristics: the nominal volume of the working chamber was 0.68 l, the temperature recording accuracy, ±0.5 °C, and the sensitivity of the pressure transducer was ±1 MPa [40] .
The range of variation of process parameters: the ratio of raw materials and extractant (water) with the liquid-solid ratio -1:5 and 1:10. The temperature was varied from 100 to 160 °C with a step of 10 °C and was maintained with a regulator with an accuracy of ±1 °C. The exposure time is 30 min, 60 min and 90 min. The repetition of the experiments at each point was triple. The time was calculated after reaching the set temperature.
The pressure level (P) equals 12 MPa, which provides subcritical conditions and a high yield of the extracted substance. This was established based on the thermodynamic properties of water described by the differential equations of thermodynamics of the International System of Equations of 1997 (Formulations IF-97). These equations describe the properties of water in the sub-and supercritical fields. The subcritical field is described by fundamental equations for the Gibbs energy [41] .
Method of preparation of samples and determination of the yield of dry extractive substances (DS).
To prepare the sample, the GP was weighed, recalculated to an absolutely dry substance (matter) and, in accordance with the accepted liquid-solid ratio, was poured with a portion of degassed distilled water. The sample was kept then under continuous stirring for 45 minutes. Thus, the subsequent extraction process was not affected by the diffusion of water deep into the dry plant material, which would be limited to the extraction process in the initial period of time. The filtration of the extract was carried out on a Buchner funnel. The yield of the dry extract was determined by evaporating the exact volume of the extract (50 ml) at 105 °C under vacuum on a rotary evaporator IR-1M with a temperature regulator ERA-M to a constant weight.
Method for evaluation of polyphenols extraction (tannin-catechin complex).
The total content of polyphenolic compounds (tannin-catechin complex) (Ph) was determined in terms of gallic acid by the Folin-Ciocalteu method [5] .
Method for evaluation of extraction of reducing substances (RS).
Determination of the yield of reducing substances (RS) was carried out using the Feling's reagent [42] .
Method of furfural identification. To identify furfural from the extraction products, the nuclear magnetic resonance (NMR) method was used. The investigations were carried out on a multifunction spectrometer of 'Bruker' Avance II 400 MHz: 50 ml of the substance (furfural) were placed in an ampoule with a solvent (deuterated water or deuterated chloroform). The sample was placed in a strong homogeneous magnetic field H o and exposed to radiation with a frequency ν:
1 H -400 MHz, 13 C -100 MHz at a temperature of 293 K. Chemical shifts (ppm) of the model furfural and obtained extract were compared with chloroform of CDCl 3 as the model.
Method of gallic acid identification. Gallic acid was identified by NMR: 50 ml of the substance (gallic acid) were placed in an ampoule with a solvent (deuterated water or deuterated chloroform). Recording parameters of spectra: chemical shifts (ppm) are given for D 2 O, 1 H -400 MHz, 13 C -100 MHz, temperature 293 K.
Method for evaluation of the content of free organic acids in terms of tartaric acid. The determination of the titratable acidity (A) was carried out by alkylmetric titration with phenolphthalein as an indicator [43] .
Evaluation of the extracts antioxidant activity. The antioxidant activity of the studied extracts and the kinetics of inhibition of free radicals were studied by the spectrophotometric method DPPH with the construction of a calibration chart for the free radical DPPH. The antioxidant activity of the extract was determined by the formula:
where [DPPH] 0 -concentration of radical DPPH in the set moment of time t=0 sec; [DPPH] t -concentration of radical DPPH determined on spectrophotometer after 30 sec.
Results of studies of the influence of the process parameters of SCW extraction of GP on the yield of target products
Statistical processing of the results of experimental studies in the Microsoft Excel 2010 software package allowed obtaining regression dependences (2)-(9) of yields of dry substances (DS), polyphenols (Ph), reducing substances (RS) and acidity of the extract (A) on temperature and time of exposure (Table 1) .
The results of regression analysis using the correlation coefficient (R), the determination coefficient (D), the standard deviation (σ), the Fisher criterion (F calc >F table ) at the confidence interval of the model coefficients with the error level α=0.05 (95 % reliability level) showed the adequacy of the obtained equations.
The response surfaces for the investigated target products, corresponding to the obtained dependences, are presented in Fig. 1 .
The main products of dehydration of sugars are furfural, formed from pentoses and uronic acids and oxymethylfurfural, formed from hexoses, mainly from glucose. The results of identification of the extract for the presence of furfural by the NMR method of radiation with a frequency ν: 1H -400 MHz, at a temperature of 293 K are shown in Fig. 2 .
The results of identification of the extract with radiation at a frequency ν:
13 C -100 MHz at a temperature of 293 K are, shown in Fig. 3 .
The position of NMR signals (chemical shift) -the distribution of the electron density along the molecule -almost completely coincides with the standard spectrum on the obtained spectrum. Qualitative analysis of the compositions of the extracts obtained in the SCW medium showed that the extracted substance is indeed furfural. The results of identification of the extract with radiation at a frequency ν:
1 H -400 MHz, at a temperature of 293 K are shown in Fig. 4 and with a frequency ν:
13 C -100 MHz at a temperature of 293 K -in Fig. 5 .
The obtained spectra almost completely coincide with the model one, which indicates that the isolated substance is indeed gallic acid.
On the spectra (Fig. 4, 5) , additional peaks are observed, which does not correspond to the resonance of furfural and gallic acid atoms. This is due to the presence of a small amount of impurities. For the same reason, the height of the peaks is somewhat less than the model one.
The yield of gallic acid from the original tannins was 15 %. The experimental results of the inhibition kinetics of free radicals (percent of DPPH remaining in the steady state) with a 1:5 liquid-solid ratio are shown in Fig. 6 , with the liquid-solid ratio 1:10 -in Fig. 7 .
As a result of DPPH reduction with the antioxidant (GP extracts), the purple-blue color of DPPH in methanol decreased to yellow, the reaction was controlled by the change in optical density at a wavelength of 514 nm. Using the obtained data, the antioxidant activity of the extract was determined by the formula (1). The antioxidant activity of GP extracts at liquid-solid ratios of 1:5 and 1:10 is described by the corresponding regression equations (10) and (11):
AA=120.64 0.36•t+0.03•τ 1 (R=0.881),
where t -extraction temperature, o C; τ -time of exposure, min.
Discussion of the results of studies on the influence of the process parameters of SCW extraction of GP on the yield of target products
High yield of total extractives even at 100 o С and 30 min (31.9 % at the liquid-solid ratio of 1:5 and 39.4 % at the liquid-solid ratio of 1:10 can be explained by the following factors:
-the residual sugar content of unfermented grape pomace; -partial hydrolysis of pectin substances, uronic acids and mucus.
Evidently, this process has already been actively proceeding during drying, when grape pomace was exposed to high temperatures for a considerable period of time. Due to its own organic acids, an acidic environment, that can catalyze the hydrolysis process is created. However, the yield of the dry extract and reducing substances from the initial cake was only slightly smaller -by 2-3 % (abs.), than from the dried one. This can be explained by the high saturation of free water in the cake with soluble substances and, above all, with sugars. A high concentration of soluble substances prevents the hydrolysis of polysaccharides and transition to a solution of other compounds.
In the extraction process at the liquid-solid ratio of 1:5, the same factors lead to a lower yield of the dry extract than at the liquid-solid ratio of 1:10. This is especially noticeable at the time of exposure of 30 minutes. As the liquid-solid ratio decreases, the concentration of the extract increases, which leads to the acceleration of thermal destruction processes at high temperatures.
It should be noted that at 160 °C, a considerable swelling of the extracted mass was observed. At this temperature, the liquid-solid ratio of 1:5 and the time of exposure of 90 min, free water was not visually observed in the mass after extraction. This indicates that the liquid-solid ratio of 1:5 is insufficient. At high temperatures, the yield of the dry extract is determined by the ratio of the two processes: formation and transition of water-soluble compounds to the extract and their decomposition under the influence of temperature and acidity. The main contribution to the increase in the extract yield is made by the process of hydrolysis of polysaccharides with their transition into soluble compounds (oligosaccharides, dextrins, monosaccharides). Hydrolysis of pectins is accompanied by the cleavage of acetic acid.
With increasing the time of exposure and temperature up to 140 o С, the yield of the extract increases. At 140 °C, the rates of hydrolysis of hemicelluloses and decomposition of monosaccharides are increased. In this case, strong organic acids are formed -formic and acetic, increasing the concentration of which leads to the acceleration of hydrolysis and decomposition of sugars. The decay of sugars also leads to the formation of oxymethylfurfural, furfural, humic substances, etc.
When washing the sweet pomace with hot water, the yield of the dry extract is up to 15 % of the mass of absolutely dry grape pomace. Wherein, the bulk of the extract are carbohydrates (mainly free monosaccharides) and acidic compounds. In the SCW extraction, the yield of the extract is at least 2 times greater. The increase in the extract yield is explained by the formation of water-soluble carbohydrates of polysaccharides, and a significant amount of polyphenolic compounds is also observed.
SCW extraction at 160 °C by the degree of conversion of plant material is comparable with the acid hydrolysis of wood. But with acid hydrolysis, the dissolution of plant components takes place under more stringent conditions: a temperature of up to 180 °C and the presence of sulfuric acid. Therefore, when using SCW, the formation of an undesirable product (primarily as a result of decomposition of carbohydrates) will be significantly less with a similar flowsheet and, accordingly, the yield of target products will be higher. In addition, in comparison with catalytic hydrolysis, there is no need to neutralize sulfuric acid to form a low-liquid, hardly recyclable waste -gypsum, polluted with organic compounds.
The process of separation of polyphenolic compounds (tannin-catechin complex) is the result of two opposing processes:
1) the transition of polyphenolic compounds into a solution; 2) the secondary transformations of polyphenolic compounds, leading to degradation or transition to an insoluble state and precipitation.
The yield of polyphenolic compounds during the SCW extraction significantly (the maximum yield is increased by a factor of 10) exceeds the amount of polyphenols, obtained by extraction with organic solvents and water, at temperatures up to 60 °C. Such a significant increase is the result of the transition of tannins and products of their hydrolysis into a solution under the influence of high temperatures and acidic medium.
A quantitative analysis of GP extract sugars was determined through the yield of reducing substances in terms of glucose.
For each liquid-solid ratio, the yield of reducing substances increases with increasing temperature and time of exposure. The yield for the liquid-solid ratio of 1:10 for the corresponding temperatures and time of exposure is much higher (by 20-30 %) than for the liquid-solid ratio of 1:5. This is explained by the high concentration of the solution in the second case. The high concentration in accordance with the laws of chemical kinetics leads to a significant acceleration of the decay reactions. The final products of the decomposition of sugars are humic substances that do not manifest a reducing activity.
For the liquid-solid ratio of 1:5, some increase in the yield of reducing substances with increasing temperature is observed. However, it is significantly lower than for the liquid-solid ratio of 1:10 and stabilized already at 120-130 °C. This is explained by the high rate of various chemical transformations of the formed sugars in solutions with a relatively high concentration of extracted substances.
With increasing temperature at the liquid-solid ratio of 1:10 to 120 °C, an insignificant increase in the yield of reducing substances is observed. At a temperature of 120-150 °C, there is a significant increase of sugars, which is explained by the hydrolysis of easily hydrolyzable polysaccharides (hemicelluloses, pectin substances, uronic acids, etc.). Above
150
o С, the amount of extracted reducing substances is stabilized practically at one level, therefore, operation under conditions of stationary extraction is not expedient. However, in the continuous process, it is possible to operate at higher temperatures with increasing the yield of reducing substances.
When analyzing the acidity of the extracts obtained in terms of tartaric acid, a high titratable acidity of the extracts was noted. At the liquid-solid ratio of 1:10, the acidity at 100-120 °C is higher for any time of exposure than at the liquid-solid ratio of 1:5. This is explained by the large dilution of the solution at 1:10, and, correspondingly, by the greater dissolving power. At these temperatures, the acidity function passes through a maximum in time. This is explained by the ratio of the degree of extraction of tartaric acid from the solid phase and its chemical transformations at elevated temperature.
At 140-160 °C, the picture is somewhat different. High acidity is present in the extracts obtained with the liquid-solid ratio of 1:5. This is explained by the hydrolysis of polysaccharides and decomposition of sugars with the formation of strong organic acids -formic and acetic, and also a number of weak ones -levulin, glucosoisosaccharin, xylose isosaccharin, lactic acids. With a smaller liquid-solid ratio, the concentration of sugars in the solution is greater, respectively, and the rate of decomposition is higher. The titrated acidity of the extract increases. With increasing the time of exposure, the degree of decomposition of sugars increases, therefore, the acidity also increases.
According to the formation and transformation of organic acids, the composition of the dry extract obtained by evaporation of water is changed. Wine and levulinic acids are low volatile. They almost completely remain in the dry extract. Formic and acetic acids, on the contrary, are volatile. Therefore, the acidity of the dry extracts obtained by evaporation is less than the acidity of the non-evaporated solutions.
The yield of the acids at relatively low SCW extraction temperatures (100-120 °C) is comparable with the amount of tartaric compounds (in terms of tartaric acid) obtained by washing of the sweet pomace with hot water.
When flushing with hot water, the extraction of tartaric acid compounds reaches 80 % and more of their content in raw materials. Thus, at 100-120 °C, it is possible to extract the tartaric acid almost completely.
At higher temperatures (>120 o С), the amount of organic acids formed was up to 2-3 times higher than with acid hydrolysis of wood at o С. This is mainly explained by the way the process is organized. In the traditional hydrolysis of wood with dilute acid (percolation method), the hydrolyzate from the hydrolysis apparatus at the liquid-solid ratio of 1:10 is taken continuously, which significantly reduces the decomposition of the resulting monosaccharides. The experiments described were carried out under stationary conditions. It should be expected that with the percolation method of extraction, the amount of free acids will be reduced significantly. But in any case, at high-temperature extraction, a significant amount of formic and acetic acids will be formed. Therefore, it is necessary to provide for their extraction.
The rates of incidence of the curves are characterized by the binding rate of free radicals (Fig. 6, 7) . Consequently, with the liquid-solid ratio of 1:5, free radicals are most quickly bound by the extract of grape pomace, obtained in the SCW medium at a temperature of 120 °C and time of exposure of 30 min.
At the liquid-solid ratio of 1:10, a high rate of binding of free radicals was observed during the reaction with an extract of grape pomace, extracted in the SCW medium at a temperature of 100 °C and time of exposure of 60 min.
The results of the research revealed that the extracts of grape pomace obtained in the SCW medium have a high antioxidant activity from 33 % to 94 % in relation to stable DPPH free radicals. The extracts of grape pomace the most rapidly bind free radicals obtained at the liquid-solid ratio of 1:10, temperature of 100 o С and time of exposure of 60 min.
Conclusions
1. As a result of the conducted studies of SCW extraction of GP of Moldova grape variety, it was found that the temperature of the extraction process has the greatest influence on the yield of BAS from the GP. It is expedient to extract not separate fractions of polyphenols from the GP, but the entire tannin-catechin complex. The extracts obtained as a result of SCW extraction of GP are expedient to use for subsequent production of furfural and gallic acids. The use of dry 3 mm fractions of GP ensures the maximum yield of target products.
2. The maximum yield of dry matter during the SCW extraction of GP is provided by the following process parameters: T=150-160 o C, τ=90 min, P=12 MPa and liquid-solid ratio of 1:10. Rational parameters of SCW extraction of GP in the extraction of total polyphenols: T=100-110 o C, τ=60 min, P=12 MPa and liquid-solid ratio of 1:10. The extracts obtained with these parameters have a high antioxidant activity -94.01 %. Rational process parameters of SCW extraction of GP during the extraction of reducing substances are: T=150-160 o C, τ=90 min, P=12 MPa and liquid-solid ratio of 1:10. These parameters provide extraction of up to 50 % of reducing substances. The high titrated acidity of the extracts obtained (6.649, 0.1 mol/l NaOH per 1 g extract, ml) is provided by extracting the GP with the following process parameters: T=150-160 o C, τ=90 min, P=12 MPa and liquid-solid ratio of 1:5.
